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基因分子信息，用 PCR 方法在苍鹭（Ardea cinerea）分离鉴定到两种 MHC II B 基
因（DNA 及 cDNA: 包含部分第一外显子到部分第三外显子区域，命名为 DAB 1























同进化。 后，基因转换分析显示基因转换发生在在鹭科 MHC 进化过程中。 
（2） 由于 MHC 是与机体自身免疫应答紧密关联，较高的多样性水平有助
于物种面对外部病原的入侵，提高适应环境和生存繁衍的能力，因此 MHC 的高
度多态性水平是物种生存力的一个重要指标。本研究选择了中国大陆三个不同地
理位置（河南、贵州、福建）的白鹭种群，初步研究在 MHCII B DAB1 基因是
否存在分化。研究结果如下：在这个常见种中发现了丰富的 MHCII B DAB1 等
位基因数量（55 个不同等位基因发现于 73 个个体），其序列变异分析显示抗原
结合位点上的非同义突变替换率高于同义突变替换率（dN/dS: 1.99， P<0.05），
显示历史上白鹭 DAB1 基因经历过正选择作用。CODMEL 程序中的模型 M7 和 
M8 似然比检测（Likelihood ratio test，LRT）结果同样支持上述推论。进一步利
用经验贝叶斯法准确地检测出 15 个受正选择作用的氨基酸位点，其中 9 个处于
假设的抗原结合位点上，因此正选择可能是维持白鹭 DAB1 基因多态性的主要
机制之一。在系统分析方面，系统树的分析结果显示河南种群趋向独立分支。分
子变异分析（analysis of molecular variance， AMOVA）显示出种群间显著的 MHC
基因分化（Ø ST = 0.296， P<0.0001）；遗传距离与地理距离相关性分析显示不显
著（P=0.838）。可见，如果某地区识别当地重要病源的 MHC 优势等位基因受到
选择，这种选择可能使不同区域的种群 MHC 产生分化。 
（3） 为了解鹭科受胁物种（黄嘴白鹭和岩鹭）适应环境的潜力，本研究使
用 MHCIIB DAB1 基因多态的第二外显子序列，通过单链核苷酸多态反应和序列
测序进行分析。结果显示，在 30 个黄嘴白鹭个体中发现 19 个不同序列，9 个岩
鹭个体中发现 8 个不同序列；岩鹭单个个体拥有 2-3 个不同序列，黄嘴白鹭单个
个体拥有 6-10 个不同序列，暗示着黄嘴白鹭 MHC 中发生明显的基因拷贝现象。
与常见种白鹭相比，序列多样性研究显示两个物种的 MHC II B DAB1 基因并没





















二外显子基因受到正选择作用。 后，基于两个物种 MHC 同源序列构建的系统
分析结果显示，MHC II B DAB1 第二外显子基因序列未根据物种关系聚类，支
持 MHC 的跨种进化学说。 
 























The major histocompatibility complex (MHC) of vertebrates is a highly 
polymorphic genomic family which is closely related to immunity respond and 
playing an important role in the regulation of immune system to recognize external 
pathogen. The variability of MHC gene reflects evolutionary adaptive processes 
within and between populations and become a suitable tool to investigate a wide 
range of open questions of evolutionary ecology and conservation biology. 
In this research, two types of classic MHC II (DAB1 and DAB2) gene of ardeid 
birds in China were isolated, sequence variability on exon 2 of MHC Class II B genes 
(DAB) which including the putative peptide-binding region (PBS) were investigated 
by universal primers in 13 ardeid species, and the phylogenetic relationship was tested. 
The focus of this research was : (i) sequence variation of MHC II B DAB 1 region in 
two threaten ardeid species (Egretta eulophotes and Egretta sacra); (ii) MHC class II 
B geographic variation in three populations of little egret (Egretta garzetta) in China.. 
Findings from this study were expected to provide a preliminary understanding on the 
sequence variability of MHC genes in ardeid species, especially on regions of variable 
caused sequence caused by selection pressure. 
The main results in this study were summarized as below: 
(1)  The major histocompatibility complex (MHC) is subject to a long-term of 
natural selection and has characteristics of highly polymorphic, which reflects 
evolutionary adaptive processes and become a suitable tool to investigate a wide 
range of open questions in evolutionary ecology and conservation biology. With the 
purpose of establishing the efficient molecular tool for exploring the genetic diversity 
of ardeid species, we isolated genomic and transcribed portions of two MHC class II 
B genes (from exon 1 to exon 3, called after DAB1 and DAB2) in the Grey Heron 
(Ardea cinerea) based on the known MHC gene of birds. These two genes fitted 
characteristic structural features of MHC II B genes. Then, the universal primers were 
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